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addition to the gain measurements with the diode, we have obtained fully-

depleted pump pulses with an OPO input, and have ohserverl two-frequency

depletion using two-pump pulses and one Stokes input, which is initiated k)y

four-wave mixing. Such two-freuuency operation has been reported by

RabinowiLz,4 We have also obtained purrrp depletion starti[lg from noise with

a strong 9-pm pump.

In a recent experiment WI I]ave used a n,icrowave-sh ifteds outp(]t ol a

CF4 laser6 as an injection setId source into the room temprr;l~ure NI’C wl]i(-})

al low(”d us to make g;~in me: ,uremenLs as a (unctinn of }Irohc frrque[lcy. kc

have a]so rIill our ~lp~ ilt 78 ~ wt)ich with LhP incrr;is(’ in g~in d]]owecf us 10

ohl~i[l f~~! I l~llml) (It=pleti(]ll KIII1 110 il).ject(’tl seed sourlc.

Ill i~ll of tllest~ exl)crimcllts the ~)ro(rss IIIvo]vcd IS slimul,itt’(! rot,)-

tional Riiman sriitlrri[lg ill ~~,~r;l-H,,, Pigur(* 4 shows .311 rllcrgy lrvol diagrtlnl
&

ot th(~ rrlcvllllt rol,il io[l:il l(Ivt,ls II th(, lowesl vil)r.ltiull.11 slat(. of ~);lr;l-11,,.
.

S1-atl.t’riflg occurs II-(MII llIt’ .1 = () LfI tllr J ❑ i! rold( !,on;ll SLill. t) KIIIC!l ~i\ft’s d

1411,,, (Irl(
.

for ltlt’

.1 I 7-~1111

It’r s(1

(’ ,111)11I 1
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Pictures taken with a high speed Cu:(% delector of the pulses amplified by

the room temperature cell alon~ (Fig. 6) indicate structure which is somr-

what more highly peaked than that of the C02, but not greatly so, indicating

that the gain cannot follow Lhe vrry fast C02 spikes, as it can at lowrr

temperature and higher pressure. Wr have therefore usrd an averaged kiIIIIF

for estimates of the peak powrr, nlthough this may somcwhul undrrrstim;llr

the effective power. W have itlso set’n tompariibli~ oulputs with :1 smnolht’d

CO,, input puls~, but with IPss rrliahility, which WF hrl icvr is dur 10 th(’
&

greater accuracy needed in diode tuninR th Lhr ntirrow-lirw C02

Figure 7 gives a comparison 01 LIMIRnin moas~ired wilh LhIS d

as Lhal obtaint’d from lhr hui ldup from noise silh ?I]l’ ‘)-pm I)uIs(’

~hrore~iciil gain, ~dlf_lllillCll from k’h;il art’ hel iwrlt to I)c’ rt”l i.ill



,
u ‘, -4-

given by lowest order modes, These assumptions do not accurately account

for diffraction losses due to the non-uniform gain profile,

to overestimate the gain;
11

also, the gain is lower for any

mode contained in the Dump.

and hence tend

higher-order

Figure 8 shows the setup use(] with the HF OPO. In this case, the

Stokes frequency was fairly sLrong]y ~bsorbed by the C02 in tlI(l amplifier,

a[l(l iL WJS necessary to cr,mllinil the beams fiftcr the amplifier. Figure 9a

shows a 10 pm CO, purn]) l)uls(I
L

ohscrv(’d 011 a photon dr,?g deteclor iifLer th(’

multipass rrll with and Kilholll tllr OIW, togvtt)cr with iI tyl)ic~l Stoktls

ouLpIIt ])UISt’. (hit’ call Se(l

hasel illr over il larg(’ pelt

800 nlJ (;l(col)llting !OI 0]11

tolI L I“a(”r SIIIJWS lh(~ ‘)-~,m I)umll, tilt’ mid~llt’ trdc-t’ the lo-pm lJum]I, k’1ll [.11 1s

~f’llrrtitl’ ,IIIy ,Stok(’s outllllt ~i LII(IIJ( 11111 10-pn) ~lumll ,111(1 its Stuk(,s). ‘MI \

(’ollplc(l K! Iv(’s llltl’ l”-
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which is the sum of the gain from the two waves. They differ only in t-he

pre-exponential factor which is determined by which wave is seeded. In Fig.

11, these solutions are written in terms of the output intensities in the

high gain limit, and we see that the outputs arc in the ratio of the input

intensities, aside from frequency factors. This behavior is expectml to IM*

carried on into saturation, and this has heel] verified through analytic

solutions obtained hy Jay Ackerhalt~ ‘4 a% &4t’d@cQ ~a ~:$ 1( ~c

Figure 12 presents ome diitii of output rnrrgy Ilrar 14 pm and 16 pm as a

function ot- the 9-pm pump rncrgy frr three values of lo-pm pump with only

Lhr 10 pm SCC(]A. For string lo-pm pump, lhr corr~sponding output at ~lb pm

is relatively rwstant ovrr th~~ wholr riin~t~ (the dip at high ~-pm energy is

duc to tlw 10 pm output 01 ttI(l Lumollics irmplif’irr tw(oming weaker for stron~

~-pm pulsrs. ) Even al I(w ‘J-pm puml) inlerrsity A largr fraction of 9 pm is

wnvprted LO 14 pm. AS thr 9-pm intlillsity is increasrd, this fr~ctioll iIlsu

Incrrnseso For smcillrr Viilll(’S III IO-pm r’nurgy, Iittlr 14 pm is I!r(MIII(r(l
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Figures 14-16 are photos of our IIPC which can be operated at either 78

K or 300 K. Running this cell at room temperature, we measured the ampli-

fication of a microwave shifted CF4 laser as a function of microwave shift.

The experimental apparatus is diagramed in Fig, 17. Basically the CF4

replaced the OPO of previous experiments. However in this case the CF4

laser was single mode and the microwave shi!ts allowed fine frequency tuning

of the probe beam. The results of this experimental measurement of the giti[]

vs frequency of the probe is shown in Fig, 18. With existing microwave

equipment, we were able LO tull(~ in the region of 0.95 to 1.55 Gtfz from Ramall

Ad M*W ~e-ti~, t’- d ~:0- Wietrd ?O be ~[o~ 720 (I’M* ~WteP,
resonance with the center of the CO, mod~ distribution

2
~ As can be seen from

Fi~. 18, the gait] increiis(’d with sorer modulation as we tuned nearer 10

resonance. The modulation is (Iue LCJ LIJP ]ongjtud]nal mrrle structurp of tht’

with a nlultirnu(lt’ l~umll laser iirill firl~ls tllilt f“ol- ii l)~ol)c ltlilt ];; tull(ld ]rltt)

I ‘1’’” (’X]) (Ul, )z )=1:,
s .’
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Figure 20 shows the experimental setup used for Lhe cold cell opera-

tion. In this case the cell was cooled with LN2. Figure 21 shows a typical

oscilloscope tracing of the pump pulse before the MPC, the pump pulse afLer

the MPC, and generated Stokes output for the MPC operating at 78 K with 39

passes. As can be seen, roughly half way up the C02 pump pulse, the stimu-

lated Raman scattering is driven to saturation. In this case the pressure

seen comparable d~pletion (Fig. 2
Q

with the C(32
N Zz&

insertion of a low-pressure gain cell in thepump run single mode by the

oscillator. Figures 23-24 show f)lrttler comparison of the saturation wiLh

the single mode and mu]Li-mode pump.

Figure 25 shows the cff~’rt of C02 pllmp eucrgy on the CO,, pump df’plc’Lioll,

In this case the C02 laser was run single mode. The il)itial CCJ,) pulse is
.

shown ky the dash~d line. Pllm~) dei)]eLion starts when th~ C(,.2P ump is al tt)r

1.28 J region. From Lhis poinL o!] small increases in pump enrrgy lead to

large changes in depl(’tiol:. We l)(’l ieve ll)is is dur Lo the int~r-cell crossings

discussed by Perry (’1 ii].
(4)

Using Lhe mode-ov(’rlap (’xpressiorl fur gairl, K(I ilaVf’ rxtract~d arl esti-

-5
mate of the plane IJaV(I giiin rovfficient, u = 8,6 x 10 cm/MW, wl]ich is 1270

lowr than our Lhrorutic:)l value, b’.I havr estimatv(l the trar)sierll ei”f(’ct

15
using the ciilclll;itions of Carman et i~l ,
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C02 RAMAN SHIFTING
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H2-RAMAN 300° K MUL71PASS CELL Lm!!l-:‘d

F?ESULTS \

● GAIN OF de O~SERVED WITH PRE-AMPLIFIED
DIODE INPUT AND 10 MW COZ PUMP

e STRONG PUMP DEPLETION REACHED WITH
<100 /JJ OPO INPUT AT 10 MW C02 PUMP

(U’VITI+GY. ARNOLD AND R.W. WEhJZFL)

● TWO-FREQUENCY SATUI%W%I OUTPUT OBTAINED
WITH 9pm AND 10pm INPUTS AND SINGLE SIQKES
INPUT VIA 4-WAVE MIXING

● PUMP DELETIOH STARTING FROM NOISE OBTAINED
WITH 30 MW 9 ~m PUMP

o GAIN MEASURED VS STOKES FREQUENCY
(MICROWAVE SHIFTED CFa LASER)

(WITH R. ECKHARDT, D.Ii. GILL, i.. HAYNES AND J. TELLE)

H2-RAMAN 78° K MULTIPASS CELL

RESULT

● STRONG PUMP DEPLETION STARTING FROM NOISE
WITH 25 MW 10 pm PUMP
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Hz RAMAN MULTIPASS CELL CHARACTERISTICS

@ OFF-AXIS SPHF’RICAL INTERFEROMETER

● 37/’39 PASSES, 98.7% REFLECTIVITY (50% THROUGHPUT)

● R = 2 m, I = 3.47 m, mw~ll = 0.69 m

● 1 atm. (TYPICAL) p-H2 AT 300° K

8 200 tow (TYPICAL) P*H2 AT 78° K

AP-I-VG-6637
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ENERGY LEVELS FOR PARA- H2

co2

IO P(26)

---- ———

58 4

938069cm”’

53cm”’

v J=2
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DETECTOR

MODE-MATCHING
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760 torr para-H2
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PUMP & STOKES

STOKES

F
... -.

.“.

-1-, . . ***, . . . . . . .





n\

I C02 TEA i / .K&v\.—-.

Ge
PILATE

w?vlP
KBr fWESNEL

300 K MULTI-I?ASS CELL

●



10 -pm PUMP 9-P m PUMP

90-pm DEPLETED M tO-pm tEflETED PUMP

*

t
.

9-/Artt ~llETEO PUMP

(b)



FOUR-WAVE MIXING

i(~lt‘klz) ‘@i
q~i) = Ei c e
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LasL
FOUR-WAVI: MIXING

(HIGHGAIN LIMIT)
.

FOR (g, + g3) S>1

FOR GIVEN g, + gl. OUTPUTIS MAXIMIZEDFOR

g,>>gl.i.e.. \vl{E-~ STRONG PUMPISSEEDED..

API-W-6639
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MW.11-PASS CELL APPARATUS
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MULTI-PASS CELL APPARATUS
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DEPLETION OF COa PUMP
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INCIDENT

PUMP
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PUMP

c)
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OUTPUT
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ROOM TEMPERATURE RAMAN OSCILLATOR

GAIN CELL

a)

INCIDENT
PUMP

(3J AT CELL E

b)

DEPLETED
PUMP

OFF
-,

NTRANCE )

r

.~,, ~,_u,;
c)

STOKES

OUTPUT
(300 mJ AT CELL EXIT). ) #

TIME (4O nsldlvt)
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DEPLETION OF C02 PUMP
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ROC)M TEMPERATURE
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CO* PUMP DEPLETION
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GAIN CELL OFF

C02 PUMP DEPLETION
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PUMP DEPLETION VS

PUMP ENERGY
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a)
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